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SUMMARY
The size and number of pinwheel inclusions produced in cells of ryegrass mosaic virus-infected Italian ryegrass (Lolium multifiorum Lam.) plants of different genotype was positively correlated with the degree of tolerance of infection. Plumb & James (1973) reported the presence of pinwheel and laminar inclusions in the mesophyll tissue of Italian ryegrass (Lolium multiflorum Lam.) plants infected with ryegrass mosaic virus (RMV), cryptogram; *[*:*/*:E/E:S[Ac. Similar inclusions in tobacco plants infected with tobacco etch virus have been shown to be proteinaceous, but whether they also contain nucleic acids is unknown (Shepard, I968) . There is no good evidence of the function of these inclusions. Wilkins & Catherall (1974) have shown that genotypes of Italian ryegrass cv. RvP vary markedly in their tolerance of RMV infection and that yield loss is closely correlated with the severity of visual symptoms. In the present work, plants of some of these genotypes, all infected with the same isolate of RMV, were sectioned for electron microscopy to determine whether inclusion production is related to host tolerance.
Following inoculation with RMV the plants were maintained in a heated, insect-free glasshouse and sampled 6 weeks later. Pieces of infected leaf from eight genotypes differing in tolerance were fixed in 3 % (v/v) glutaraldehyde and in o.2 M-sodium cacodylate buffered o.2 % (w]v) osmium tetroxide, dehydrated in ethanol and embedded in Araldite resin. After sectioning, the tissue was stained with uranyl acetate and lead citrate (Reynolds, 1963) and the sections examined in an AE1 EM6M electron microscope at x 20000 and 8o kV. A representative number of sections was cut to permit reasonably accurate assessment of the frequency of cell inclusions within each cell.
Virus particles and pinwheel and laminar inclusions were found in mesophyll cells as previously reported, and also in phloem companion cells (Fig. I) . Indeed, in plants of most genotypes virus particles and inclusions were found in greater numbers in the phloem tissue than in the mesophyll. Serial sections of the pinwheels indicated that they were cylindrical, their length corresponding with that of the laminar inclusions. This would suggest that the laminar inclusions are pinwheels cut in longitudinal section as reported by Edwardson (1966) for those inclusions associated with the potato virus Y group of viruses.
The percentage of cells containing pinwheels, based on observations involving 500 phloem companion and mesophyll cells, was determined for each of the eight genotypes. There was no obvious relation between these percentages and yield or symptom severity. However, in all eight genotypes the inclusions occurred grouped together in the cell. The numbers within these groups were largest in genotypes with greatest tolerance. Also, the diam. of the pinwheels in transverse section and their length when cut longitudinally were substantially larger in tolerant than in sensitive genotypes (Table I) . Thus there was a positive correlation of the numbers, diam. and length of the pinwheels with fresh weight yield as a percentage of the healthy counterpart of the clone, and a negative correlation with symptom severity. The probabilities of these correlations being due to chance were less than 1 % in all cases and less than o.r % for the correlation between length of pinwheels and fresh weight ( Table 2 ). The pinwheels in sensitive genotypes generally were less developed structurally than those in tolerant genotypes (Fig. 2) . The number of arms to each pinwheel varied between five and twelve in all genotypes but did not seem to be related to pinwheel size.
Possibly pinwheels are p r o d u c e d by plants in response to virus infection as part of their tolerance mechanism. W h e a t spindle streak mosaic virus infection produces, in the cells of wheat p/ants, pinwheels with large, delicate arms and virus particles arrayed inside those arms ( H o o p e r & Wiese, I972). The closer packing of the comparatively b r o a d arms in pin-wheels produced in ryegrass by RMV precluded similar observations in this material. It is possible that the size and number of pinwheels depends on the vigour of the infected plants; alternatively, it may be that the effects of the virus on host metabolism is ameliorated by envelopment of the particles within the pinwheel structure.
